EcoRV restriction endonuclease: communication between catalytic metal ions and DNA recognition.
In the absence of magnesium ions, the EcoRV restriction endonuclease binds all DNA sequences with equal affinity but cannot cleave DNA. In the presence of Mg2+, the EcoRV endonuclease cleaves DNA at one particular sequence, GATATC, at least a million times more readily than any other sequence. To elucidate the role of the metal ion, the reactions of the EcoRV restriction enzyme were studied in the presence of MnCl2 instead of MgCl2. The reaction at the EcoRV recognition site was slower with Mn2+. This was caused partly by reduced rates for phosphodiester hydrolysis but also by the translocation of the enzyme along the DNA after cleaving it in one strand. In contrast, alternative sites that differ from the recognition site by one base pair were cleaved faster in the presence of Mn2+ relative to Mg2+. When located at an alternative site on the DNA, the EcoRV enzyme bound Mn2+ ions readily but had a very low affinity for Mg2+. The EcoRV nuclease is thus restrained from cleaving DNA at alternate sites in the presence of Mg2+, but the restraint fails to operate with Mn2+. A discrimination factor, which measures the ratio of the activity of the EcoRV nuclease at its recognition site over that at an alternative site, had values of 3 x 10(5) in MgCl2 and 6 in MnCl2.